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Although the Rous virus,  so  called,  of  chicken  tumor  multiplies 
readily in vitro, 1 we cannot consider that it has been positively shown 
to  be  an  ultramicroscopic organism.  It  may be  conceived to  be  a 
self-reproducing enzyme, or a  minute bacterium; a  principle foreign 
to the host and using for its growth some of the tissue constituents; 
or a  substance generated and reproduced by the tissues themselves. 
Several  years  ago,  Twort  2 expressed  the  opinion  that  a  substance 
analogous to the autolyzing substance he discovered in his cultures of 
micrococci might  be  responsible  /or  malignant  tumors.  When  the 
Rous sarcoma agent or virus was found to  grow in a culture medium 
containing living leucocytes, it  became obvious  that  the factor re- 
sponsible for its reproduction was not the medium but the cells that 
proliferate in it.  Although these cells were not always modified in 
their appearance, they generally showed certain morphological chahges 
which were probably caused by the presence of the virus at the surface 
of or inside their body.  8  So far, in these experiments as in the more 
recent ones of Gye,* the agent has never been found to multiply in a 
medium that contains no fresh tissue.  In the studies reported in the 
present paper, an attempt was made to ascertain the relations between 
the  reproduction  in  vitro  of  the  Rous  virus  and  the  quantity,  the 
activity, and the nature of the cells contained in the medium. 
Technique for Detecting the Presence of Rous Virus in a Fluid. 
The presence of Rous virus in the fluid of a culture could be easily 
detected by inoculating chickens with this fluid, provided these animals 
t Carrel, A., J. Am. Med. Assn.,  1925, -Lxxxiv,  157. 
Twort, F. W., Lancet, 1915, if, 1241. 
Carrel, A., Compt. rend. Soc. biol., 1924, xci, 1069; 1925, xcii, 584. 
4 Gye, W. E., Lancet, 1925, ii, 109. 
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were all equally sensitive to the sarcoma agent.  But such is not the 
case.  When  a  number  of  chickens  are  inoculated  with  a  diluted 
extract of Rous sarcoma, some develop a  tumor, while others do not. 
There are marked variations in the individual resistance of the fowls. 
The inoculation of a  given amount of diluted extract in different 
parts of the body of a single chicken does not bring about the simulta- 
neous development of tumors of the same size.  The manner in which 
the fluid is injected and diffuses through the tissues, the site of the 
inoculation, the  local  condition of  the  tissues,  etc.,  have  a  marked 
influence on the rate of appearance of the tumor and on its growth. 
The diffusion of the fluid often renders impossible the comparison of 
several inoculations in the same animal.  In addition, it is not possible 
to compare different fluids by inoculating them into different chickens, 
on  account of  the variations in  the individual susceptibility of  the 
animals.  A  technique had  to  be developed that would permit  the 
inoculation  under  identical  conditions  of  equal  amounts  of  fluids, 
and the testing on the same animal of several extracts. 
In this study, sarcomas were used that had grown for about a week in chickens 
of approximately the same age and breed.  The tissues were pulped in a Latapie 
apparatus.  The pulp was mixed with its volume of Tyrode solution and placed 
for 1 hour in the refrigerator at a temperature of about 4°C.  The fluid obtained by 
centrifugation of the suspension was used as "normal extract."  This normal ex- 
tract was diluted with Tyrode solution and dilutions from 1 in 10 to 1 in 50,000 
were prepared.  Small  discs of woolen cloth 5 mm. in diameter were placed for 
1 hour in the fluid to be tested.  Each disc absorbed approximately 0.04 cc. of the 
fluid.  Four or five discs were grafted on each side of the sternum in small pockets 
made in the subcutaneous connective  tissue. 
When the details of the technique were  carefully carried out, the 
inoculation of a  chicken with eight or ten discs soaked in fluids con- 
taining progressively decreased  concentrations of  Rous  virus  often 
gave rise in about 3 weeks to eight or ten small tumors of regularly 
decreasing size.  It has, then, become possible to test the susceptibility 
of an animal by inoculating it with various dilutions of Rous virus, 
and observing the lowest dilution that brings about the appearance 
of a tumor.  When the discs were soaked in from 1 per 10 to 1 per 100 
extracts, tumors developed in practically every chicken.  Almost all 
the animals were susceptible to Rous virus at these concentrations. ALEXIS  CARREL  649 
When  more diluted  solutions were used,  great individual  differences 
were found.  Chickens  grafted with  discs  containing  Rous virus in 
concentrations from 1 per 1,000 to 1 per 50,000 showed wide variations 
in resistance.  Tumors were often brought  about by the solutions  1 
per 1,000 and 1 per 10,000, while they occurred less frequently at con- 
centrations of 1 per 20,000 and  1 per 30,000, seldom at  1 per  40,000, 
and  practically  never  at  1 per  50,000.  The  susceptibility  to  Rous 
virus is generally a permanent characteristic of an animal.  When the 
tumors were extirpated and no generalization  of the disease occurred, 
the animal could be inoculated again after a few months, and usually 
showed  the  same  degree  of  susceptibility as  before.  The  resistant 
animal remained resistant over long periods of time.  But an animal 
that  was resistant  on account of a  temporary cause,  such as an  ac- 
cidental illness,  might  become susceptible when it had  recovered its 
health. 
Since Rous virus does not produce a  tumor even in  a  susceptible 
fowl when inoculated at concentrations equal to or higher than  1 per 
50,000,  or  in  more  resistant  animals  at  concentrations  from  1  per 
10,000  to 40,000,  the negative result  of an inoculation may indicate 
either that the virus is lacking, or that it is present in an amount smal- 
ler than the minimum concentration required for the growth of a tumor 
by the inoculated animal.  These variations of the individual resist- 
ance do not allow a comparison of the virulence of fluids when injected 
into  different  chickens.  But  the  presence  and  the  amount  of  the 
diluted sarcoma principle can be ascertained when the fluids, together 
with a  proper control,  are injected into  the same animal.  Although 
the method is still far from being precise, it makes it possible to as- 
certain  whether  one  culture  contains  more  virus  than  another,  and 
whether the amount is large or small. 
The Reproduction  in Vitro of the Filter-Passing Principle  or  Virus in 
the Presence  of Living  Cells. 
The well known experiments of Rous have demonstrated  that  the 
sarcoma agent is very fragile, and that its  activity disappears in less 
than 24 hours when it is in suspension in a fluid medium such as saline 
solution,  bouillon,  or  serum.  These  findings  have  been  confirmed 
many times by other workers.  In the course of experiments made in 650  REPRODUCTION  OF  ROUS  VIRUS 
September,  1924,  the  addition  of a  fragment  of muscle  or  of  some 
leucocytes to  a  suspension  of Rous  virus,  which lost its  activity at 
incubator temperature in less than 24 hours, was found to increase the 
duration  of the activity to at  least 48  hours.  At  the  same  time, it 
appeared  that,  in  a  medium  containing  active  leucocytes  the  virus 
not  only  survived  but  seemed  even  to  multiply.  Although  these 
experiments have already been mentioned in  a  previous paper, ~ the 
details of the technique employed and results achieved are only now 
described. 
Leucocytes  were obtained from chicken blood and embedded in a film of plasma. 
The film was cut into rectangular fragments of approximately equal size.  Three 
or four fragments were placed in a flask containing a medium composed  of 0:5 
plasma, 1.5 Tyrode solution, and 0.5 embryonic tissue juice.  On the surface of the 
solid medium was injected 1 cc. of a mixture of serum, Tyrode solution,  and tissue 
juice.  The culture was inoculated with filtered extract of Rous sarcoma which was 
added directly to the fluid medium, or the leucocytic films were placed in the 
extract for some time before the preparation of the culture.  In one of the earlier 
experiments, the  culture was inoculated with a fragment of sarcoma which had 
been killed by drying in vacuo  over sulfuric acid.  Every 2 or 3 days, the fluid 
medium was removed and replaced by fresh fluid, after the coagulum had been 
washed with Tyrode solution.  From time to time, tests were made to ascertain 
whether the leucocytes or the medium had undergone any transformation under 
the influence of the virus.  This was done by inoculating chickens with a fragment 
of the coagulum or part of the fluid medium. 
A first series of twenty-two experiments was made in September and 
October,  1924  (Table  I). 
After the cultures had been incubated from 4 to 30 days, fragments 
of the coagulum or discs soaked in the supernatant fluid of the cultures 
were  inoculated  into  chickens.  In  twenty-four  inoculations,  seven 
gave negative and seventeen positive results.  The seventeen tumors 
were produced in six cases by inoculation of a  fragment of coagulum 
and in eleven cases by inoculation of the fluid.  The six tumors pro- 
duced  by  inoculation  of  a  fragment  of  coagulum  developed  in  an 
average time of 15  days,  and  the eleven tumors due  to  the graft of 
discs saturated with 0.04 cc. of culture fluid in an average time of 16.8 
days.  As some of the tumors were already large when observed for 
the  first  time,  they really appeared  earlier  than  is  indicated  in  the 
table.  The  seventeen  cultures  that  brought  about  a  tumor  upon ALEXIS CA~L  651 
inoculation showed in  six  cases no change in  the appearance of the 
coagulum or of the cells.  In the other cases,  clumps of dead cells, 
digestion of the coagulum, and fibroblast forms were observed.  All 
the chickens ultimately died from the tumors. 
Many experiments of the same type have since been made.  The 
technique was modified slightly.  The filtered extract was inoculated 
into the solid medium at the time of the preparation of the cultures. 
Embryonic pulp  or fragments of spleen were often used instead  of 
leucocytic film.  The cultures were inoculated not only with the Rous 
virus,  but  also with the filtered extracts of tar,  arsenic, and indole 
sarcomas.  The filter-passing agent of the tar and arsenic sarcomas 
remained active in the presence of spleen, embryonic pulp, and leuco- 
cytes, as did Rous virus.  So far, the filtered agent of the indole tumor 
has not kept its activity in vitro, although its inoculation always has 
induced large sarcomas in  chickens.  The cultivation in vitro of the 
agent of Rous sarcoma and the sarcomas of chemical origin is used as a 
routine procedure for keeping on hand a  constant supply of active 
virus.  When some fragments of leucocytic film or of spleen are added 
to the medium from time to time, and the cultures are transferred into 
new flasks every 2 or 3 weeks, the filter-passing agent maintains its 
virulence.  Such cultures that have been kept for over 2 months produce 
at least 1 cc. of highly  virulent fluid every day.  It is obvious that the 
sarcoma agent not only remains in the flasks, but also multiplies very 
actively. 
Rale of the Medium and the Tissues in the Reproduction of the Rous Virus. 
While the foregoing experiments show that the Rous agent multiplies 
in a  medium containing living ceils, they do not indicate what r61e 
belongs  to  the cells and the medium respectively.  Often,  the cells 
are profoundly modified in  their morphology and functions, changes 
that we have described as a malignant transformation.  1  But in some 
cases, the Rous virus grows in the medium in the presence of monocytes 
that appear quite normal.  The same phenomenon has been observed 
to  take place in  pure  cultures of macrophages obtained  from Rous 
sarcoma, which do not  seem to  differ from cultures of blood mono- 
cytes.  It is probable that Rous agent reproduces itself at the surface 
of or inside the cells.  But it is also conceivable that it multiplies in 652  REPRODUCTION  OF ROUS  VIRUS 
P. 
.~. 
•  ° 
o 
o 
o 
8 
°~ 
• 
(2 
o  ~  ~ 
,  ~  ~ 
•  ~  ~  ~' 
•  ~  ~  uo~  w 
-~q~m~opo~  ~  ~  ~  ~  ~  ~  ~  ~  ~  ~  ~  ~ 
~  ~ 
o  ~  ~  ~ 
•  o~.~.~  ~  ~  ~  ~  ~ ALEXIS  CARREL  653 
o 
0 
8 
o 
.'41 
z 654 
L~ 
L~ 
i 
4 
REPRODUCTION  OF  ROUS  VIRUS 
'-4 
c~ 
I~'=o 
~4 
0 
oo 
~5  ,5  c, 
I=I 
r~ 
I=1 
u  ",~  8 
oo 
oo ALEXIS  CARREL  655 
° 
O 
t~ 
oo  oo 
¢O 
c~ 
o0 
c~ 
"7, 
r-. 
CO 
cO  cO  eO 
oO  0Q  oo 
cO 
cO 
00 656  REPRODUCTION  OF  ROUS  VIRUS 
the  medium  in  an  inactive  form,  as  Gye has  supposed,  and  that  it 
receives from  the  growing  cells a  complementary  or activating  sub- 
stance.  According to this hypothesis, the active virus derived from 
our cultures might  be considered as composed of two parts:  one in- 
active and multiplying in the medium,  and the other activating and 
produced by the tissues.  In order to test the value of this hypothesis, 
experiments  of the following type were made. 
In three flasks, equal amounts of medium were introduced.  In addition, Flask 
1 received some  virus and embryonic pulp; Flask 2, some  virus and no embryonic 
pulp; and Flask 3, embryonic pulp alone.  From time to time, a small amount of 
the fluid was withdrawn from the cultures.  Three discs were soaked in the three 
fluids, and  a fourth  disc in a mixture of the fluids from the second and  third 
flasks.  The four discs were grafted under the skin of the thorax of a  chicken. 
The nature of the tissues, the amounts of tissues and virus used, the duration of 
the incubation of the cultures, and the dates of their inoculation and of the appear- 
ance of the tumors are recorded in Table II. 
The fluid of the flasks was inoculated into chickens four, five, or six 
times,  from  2 to 18 days after the preparation  of the cultures.  The 
results were uniform.  A  tumor was produced by the fluid of the first 
flask, and no tumor occurred when the fluids of the second and third 
flasks were inoculated separately or together.  Since the injection of a 
mixture of the fluid of the second and third flasks does not produce a 
tumor, the r61e of the cells contained in the first flask does not consist 
in supplying to a virus multiplying within the medium in an inactive 
state a  substance that would activate it.  The lack of activity of the 
fluid of the second flask must be attributed  to the disappearance  of 
the virus, or to its reproduction in a concentration less than that of 1 in 
20,000  to  1  in  50,000  which  is  required  for  the  development  of  a 
sarcoma.  Thus,  it  appears  that  the  r61e of the  cells  is  to promote 
directly the growth of the active virus.  But this  fact does not mean 
that living cells may not set free substances capable of increasing its 
activity.  In  other  experiments,  it  was  found  that  the  addition  of 
embryonic juice to Rous virus rendered inactive by its high  dilution, 
might enable this inactive virus to produce a  tumor. ALEXIS CARP~L  657 
Rdation between the Quantity of Tissues Contained in the Medium and 
the Reproduction of the  Virus. 
In two flasks, equal amounts of medium and sarcoma extracts were 
placed.  Into the first flask a drop of embryonic pulp was introduced, 
and into the second flask, 9 drops.  Identical experiments were made 
with fragments of spleen and of leucocytic film.  After from 2 to 16 
days incubation, the fluid from the cultures was removed, and discs 
that had been soaked in it were inoculated into chickens.  The fluid 
from  the  flasks  containing  only  1  drop  of embryonic pulp,  or a 
fragment of spleen or leucocytic film, generally did not induce a tumor, 
while a  sarcoma developed almost always at  the site of inoculation 
of the fluid from the flasks containing the larger amount of tissue. 
The details of the experiments are described in Table III. 
Nine experiments were made, three with embryonic pulp, three with 
leucocytes, and three with spleen.  The cultures were inoculated with 
faltered or unfiltered extracts of tar sarcoma and arsenic sarcoma, in 
amounts varying from 1.5  cc.  to 0.5  cc.  The  fluids of the cultures 
were removed every 2 or 3 days, the cultures were washed, and fresh 
fluid  was  added.  Previous  to  the  inoculation,  the  cultures  were 
incubated ten times for less than 5 days, five times from 5 to 10 days, 
and eight times from 10 to 16 days.  Culture 2872 was kept after the 
end  of  the  experiment described in  the  table  and,  after  2 months 
• incubation, still produced an active virus.  The fluid from the cultures 
containing the larger  amount  of tissue  was inoculated  twenty-four 
times and produced a  tumor eighteen times, while the fluid from the 
flasks containing the smaller amount was inoculated twenty-two times 
and produced a  tumor only thrice.  In these cases, the cultures from 
which the fluid was taken contained leucocytes or spleen.  The mini- 
mum  amount  of  spleen necessary  for  producing in  3,000  c.mm. of 
medium enough virus  to  develop a  tumor upon  inoculation  into  a 
chicken appeared to be approximately 1 c.mm, of spleen.  When the 
amount of tissue was from five to nine times the mlnlmum used,  the 
production of a  tumor by the fluid of the culture was frequent. 658  REPRODUCTION  OF  ROUS VIRUS 
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Relation  between the Nature of the Cells Contained  in the Medium and 
the Reproduction  of Rous  Virus. 
When pure cultures of fibroblasts obtained from a 13 year old strain 
were placed in a medium containing Rous virus, and after a few weeks 
were grafted into chickens, no tumors developed)  By contrast, after 
cultures of leucocytes had  been  inoculated with  Rous  agent,  their 
supernatant fluid led to the development of a  sarcoma in  chickens, 
even when the monocytes had not undergone malignant transforma- 
tion2  It seemed as if the sarcoma agent reproduced readily in  the 
presence of monocytes and did not in the presence of fibroblasts.  But 
in these early experiments, the mass of the tissues was generally smal- 
ler in  the cultures of fibroblasts  than in  those of monocytes.  The 
:negative results of the graft of the fibroblast  cultures could be as- 
cribed, not to the absence of Rous virus, but to its low concentration. 
The  purpose  of  the following experiments was  merely to  ascertain 
whether fibroblasts, in larger quantities than previously used, would 
favor survival and production of the virus (Table IV). 
In Experiments 1 and 2, four fragments of leucocytes and four frag- 
ments of fibroblast tissue from the 13 year old strain were placed  in 
flasks containing either extract of sarcoma at 1 in 10 dilution, or some 
fluid from cultures of the Rous  or tar sarcomas.  The fluid  of the 
leucocytic cultures was injected into chickens from 1 to 13 days after 
the  preparation of the flasks.  Three times in four, the inoculations 
produced a  tumor.  The  fluid of the  cultures of fibroblasts,  which 
contained approximately the same volume of tissue as the cultures of 
leucocytes, was injected into  chickens from  1  to  18  days after the 
preparation of the flask.  Eight injections were made, and no tumors 
occurred.  These experiments showed that  the virus rapidly disap- 
pears from the fluid of the  cultures of fibroblasts,  while it  remains 
present in  the cultures of leucocytes.  Although the fibroblasts  did 
not set free in the culture medium any virus at a concentration capable 
of producing a  tumor upon inoculation into  chickens, they were in- 
fected as  was shown subsequently.  On January 12  and  16,  that is 
approximately  1  month  after  the  preparation  of  Cultures  8367 
6 Carrel, A., Compt. rend. Soc. biol., 1925, xcii, 477. 
e Carrel, A., Compt. rend. Soc. biol., 1924, xc, 1380. ALEXIS CARREL  663 
and 8376,  the fibroblasts themselves, instead of the fluid, were grafted 
into  chickens,  and  sarcomas  developed.  This  experiment  demon- 
strated that in the presence of equal volumes of fibroblasts and leuco- 
cytes, the Rous virus kept its full activity in the fluid of the leucocytic 
cultures, while it disappeared promptly from the fluid of the cultures 
of fibroblasts.  But, after its disappearance from the fluid, the virus 
still remained present for several weeks within  the colonies of fibro- 
blasts themselves.  Leucocytes and fibroblasts acted on the virus in a 
markedly different manner. 
Relation between Cell Activity and the Reproduction of the Virus. 
The purpose of the experiment was to determine whether the Rous 
agent survives or multiplies in tissues that do not proliferate (Table V). 
The tissues used in these experiments were embryo pulp, leucocytes, 
and spleen.  The virulence of the fluid of a  culture of normal tissues 
inoculated with virus was compared with that of a culture of the same 
tissues after they had been frozen or kept in an anaerobic condition 
for 24 or 48 hours.  In the tissues that had been frozen, only a  few 
cells were still alive after a few days incubation.  No living cells were 
seen in the cultures that had been kept under anaerobic conditions for 
24 or 48 hours.  In Experiment 1, after 28 hours incubation, the in- 
oculation  of  fluid  of  the  culture  containing  normal  embryo  pulp 
determined a tumor, while that of the culture of frozen tissue remained 
negative.  In Experiment 2, after 3 days incubation, the fluid of the 
control produced a large tumor, and that of the culture of frozen tissue, 
which did not  contain  any active cells,  determined a  small  tumor. 
Both control and experiment cultures contained the same amount of 
tissue.  In  Experiments  3,  4,  5,  and  6,  embryo pulp,  spleen,  and 
leucocytes, inoculated with virus, were cultivated in the usual manner 
after having been kept  24  or 48  hours in  an  anaerobic jar.  Seven 
inoculations of the fluids of the controls produced a  tumor six times,, 
while the same number of inoculations of the tissue deprived of oxygen 
produced only two small tumors.  The cultures had been incubated 
for 6  days and no living cells could be seen.  This last  experiment 
indicates that in the presence of dead ceils the virus can still survive, 
but that cell proliferation seems to be necessary for its abundant re- 
production in an active state. 664  REPRODUCTION OF ROUS VIRUS 
'B 
° 
oo 
4  4 
oO  ~0  ~r~ 
e~ 
• o N  ~u~!x~x~  i  ~  eq ALEXIS  CARREL  555 
o~o~ 
t~ 
eq 
i 
J 
,.O 
~7 
O 
e,4 
~4  c¢ 
e~ 
oO  oo 
eq 666  REPRODUCTION  OF ROUS  VIRUS 
:SUMMARY  AND  CONCLUSIONS. 
A method has been developed by which the susceptibility of chickens 
to Rous virus can be tested, and the virulence of eight or ten different 
fluids compared in a single animal.  The results of five series of experi- 
ments made with this technique can be summarized as follows: 
When a  medium composed chiefly of chicken serum and  Tyrode 
solution  and  containing no  fresh  tissues  is  inoculated with  filtered 
extract of Rous and other sarcomas and incubated for 48  hours, it 
never produces a tumor after being injected into chickens.  The virus 
has apparently been destroyed or at least has lost activity.  But, in 
a  solid medium, composed chiefly of serum and Tyrode solution and 
containing fragments of fresh tissues,  the virus is found to increase 
readily, as shown in the first series of experiments.  In the course of 15 
months, the experiments have been repeated many times, with identi- 
cal results.  Flasks containing embryo pulp or leucocytes inoculated 
with filtered extract of sarcoma are used to keep on hand a  constant 
supply of the Rous virus.  The cultures of monocytes inoculated with 
the faltered extract often  assume the  appearance of  the  cultures  of 
Rous sarcoma.  They may also remain normal to all appearance de- 
spite the circumstance that the virus is multiplying within the medium. 
It is not certain that the activity of Rous virus is always accompanied 
by cell lesions, but there is no doubt that its increase depends on the 
presence  of  fresh  tissues  within  the medium. 
The disappearance of the Rous virus from a medium that does not 
contain any fresh tissue may be interpreted as follows:  the agent has 
been destroyed; or it is still present in a concentration lower than 1 in 
50,000,  which is the concentration required to produce a  tumor even 
in  the more susceptible chickens; or,  according to the hypothesis of 
Gye,  4 it is present in an inactive form.  In the above experiments, the 
fresh tissues added to  the medium might conceivably have  enabled 
the virus to keep its  full activity,  through supplying the conditions 
requisite  therefor, or they might merely have furnished an activating 
substance.  The  value of Gye's hypothesis was tested in a  series of 
experiments.  The  results  indicate  that  the  tumor-producing virus 
present in the cultures was not composed of two parts, an inactive part ALEXIS  CARREL  667 
multiplying in  the medium, and an activating part supplied by the 
tissues. 
In another series of experiments, the relations between the repro- 
duction of the virus and the quantity of the tissues contained in the 
medium were studied.  The presence of a small fragment of leucocytic 
film or spleen tissue was sufficient to prevent the virus from disappear- 
ing.  Approximately 1 c.mm. of spleen tissue in 3,000 c.mm. of medium 
may on occasion maintain a  concentration of Rous virus in this fluid 
sufficient to produce a  tumor upon inoculation into  chickens.  But 
this  rarely happens.  Generally when  the  medium  contained  only 
one  fragment of  spleen  or  leucocytic film,  or  1 drop of embryonic 
pulp,  the virus  disappeared  rapidly.  When  the  quantity of tissue 
was from five to nine times larger, an abundant production  of virus 
was practically always found.  It became obvious that the  quantity 
of active virus present in a  medium containing multiplying cells de- 
pends upon the amount of tissue in the medium. 
In the fourth series of experiments, the kind of cells needed for the 
multiplication of the virus was ascertained.  Rous virus was found to 
disappear  rapidly from  the fluid of cultures of fibroblasts,  while it 
multiplied readily in cultures of leucocytes, the total volume of both 
tissues being approximately the same.  It should be remembered that 
strains  of fibroblasts  obtained from Rous  and  other sarcomas very 
rarely produce tumors upon inoculation into chickens,  6 while the in- 
oculation of cultures of macrophages from the same tumors practically 
always determines their appearanceY 
The fifth series of experiments showed that the cell metabolism is 
an  important  factor  in  the  reproduction  of  the  virus.  When  the 
activity of tissues had been suppressed or very much decreased by 
freezing, no  virus  was  produced,  while it multiplied  readily in  the 
control.  The lack of oxygen for a  period of 24 or 48 hours stopped 
cell proliferation, and at the same time the production of Rous virus 
ceased.  However, the fluid of some of these dead or inactive cultures, 
after 6 days incubation, was still able to give rise to a small tumor upon 
inoculation into a  chicken.  There is an evident relation between the 
Carrel, A., Compt. rend. Soc. biol., 1924, xci, 1067. 668  REPRODUCTION  0]~ ROUS  VIRUS 
proliferating activity of the tissues and the production of the virus. 
But the agent may persist for several days in association with dead 
tissues. 
It may be concluded that  the reproduction in gtro of the active 
vires depends on the presence of fresh tissues in the culture and upon 
the quantity, the activity, and the nature of the cells contained in the 
medium. 